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The invention relates to the field of molecular biology and microbiology. More 
specifically, 16S rRNA regions of been identified and isolated from Dehalococcoides 
ethenogems that enable the identification of dechlorinating bacterial strains. Probes and 
primers corresponding to the unique regions have been constructed to enable the rapid 
identification of the dechlorinators. 

RACK GROUND 

Groundwater pollution by halogenated, and particularly chlorinated solvents is a 
worldwide problem associated primarily with industrial sites where mishandling or 
improper disposal has brought these solvents in contact with the soil. The most 
common and problematic compounds are the chlorinated ethylenes (ethenes) such as 
tetra- tri- or di-chloroethylene. Carbon tetrachloride, chloroform and methylene 
chloride are also pervasive pollutants. The reasons for concern are basically threefold. 
First most of these solvents are sparingly soluble in water and have the tendency to 
stick to soil particles. This results in tenacious underground plumes of solvent which 
cannot readily be removed by standard pump and treat technology (Biswas, N., et al., 
Water Environ. Res. 64, 170, 10, 1 (1992); Hutter, G. M., et. al., Water Environ. Res. 
64 69 (1 992)) Second, the toxicology of many chlorinated solvents suggests that these 
compounds may be carcinogenic and damaging to specific organs such as the hver and 
kidneys (Price, P. S., Memo of the U.S. Environmental Protection Agency, Office ot 
Water Washington, D.C.(1985); Vogel, T. M., Environ. Sci. TechnoL, 21, 722, (1987)). 
Finally under conditions found in many aquifers and subsurface environments, 
chlorinated ethylenes and methanes are very slow to be degraded biologically. The 
result of these factors is that chlorinated solvents are long-lived potentially hazardous 

groundwater pollutants. 

Currently there are two approaches to in situ removal of organohalogen 
30 pollutants. The first approach is the standard "pump and treat" method where 

groundwater is pumped to the surface for physical stripping of the contaminant from the 
water For chlorinated solvents this is more of a containment method than a remediation 
technology although given sufficient time (typically decades to centuries) this method 
may capture most of the pollutant. The other approach is biological in nature and 
utilizes microorganisms for the enzymatic transformation of the halogenated organics. 
The biological approach may utilize microorganisms indigenous to a particular site 
where the remediation process consists primarily of making additions to the 
contaminated site that enhance the growth of the desired microorganism. Alternatively, 
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nonindigenous microorganisms may be introduced to a contaminated site with the 
necessary amendments needed for growth. 

A number of organisms are known to dechlorinate persrstent chlorinated 
poUutant, For example, DekalooaCer restrict and DenalospMllium m u,,ivorar. 
5 have been shown to partially dechlorinate chlorinated ethenes (Kocruan et al., Plan 
M B Z 46:237 (,995); Delhaize et a,., Plan, Pnysiol. .07:3,5 d^^- 
DeMococcoiaes e,Heno g enes has been shown to effect the complete dechlonnafon of 
te.rachloroe.hene and trichloroethene to ethene [Freedman e. ^J™" 
Microbiol. 55:2144 (1989)] and Maym6-Gatel> e. al. (Scence, 176.1568 (1997)) have 
10 £Ld a D. e,Heno S enes strain ma. is capab.e of respiratory reducttve dechlonnationof 
Lchloroethene direct.y to ethene with hydrogen as an electron donor. Analysts of the 
?6S rRNA of the Maymo-Gatell organism revealed a unique profile that may be used to 
identify organisms of similar reductive capabilities. 

The firs, step in utilizing the dechlorinating properties of the above rdenufied 
,5 organisms is rapid and accurate identification. One method of identification involves 
th!use of DNA probes (see for example in WO 89/06704, U.S. Patent No. 4,85, 330, 
and U.S. Patent No. 5,574,145). Many such probes derive from the • ob-rvati°n (se e 
Woese Scientific American 244 (6) 1981 for review) that parts of the 16S and 23s 
ribosomal RNA (rRNA) sequences vary in different species. This information was used 
20 initially for phylogenetic analyses but it has more recentiy been used for DNA probe- 
bid Lhods for the identification of organisms. The utility of such a method rs based 
on the conservation of nucleic acid sequence within .he rRNA sequences. 

Each of the cells of all life forms, except viruses, contains ribosomes and 
therefore ribosomal RNA. A ribosome contains three separate single strand RNA 
25 molecules, namely, a large molecule, a medium sized molecule, and a small molecule 
The two larger rRNA molecules vary in size in different orgamsms. Rtbosomal RNA rs 
a direct gene product and is coded for by me rRNA gene. This DNA sequence ,s used 
as a template to synthesize rRNA molecules. A separate gene exists for each of fte 
ribosomal RNA subunits. Multiple rRNA genes exist in most orgamsms, many mgher 
30 organisms containing both nuclear and mitochondria. rRNA genes. 

ribosomes are present in al, cells of all life forms. About 85-90 percent o " 
RNA in a typical cell is rRNA. A bacteria such as E. coli contams about 1* nbosomes 
per cell. Much of the sequences in rRNA highly conserved across broad evolutionary 
boundaries, however, certain regions are highly variable and may be used to make fine 
35 distinctions between species, sub-species and strains (U.S. Patent No 5 567^87). 

The problem to be overcome therefore is to identify a umque 16S rDNA 
sequence in a bacteria capable of dechlorination of persistent chlorinated compounds for 
the identification and ultimate enhancement of that bacteria to remedrated a 
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contaminated site. Applicants have solved the stated problem by providing a set of 
nudeic acid sequences that are unique to various strains of DehCococco.de* 
ethenogenes. 

QTTA/TMARY OF thp. INVENTION 
5 The present invention provides an isolated 1 6S rDNA sequence * 

dechlorinating bacterial strain selected from the group consist ^ S ^ Q ^ ^ 
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO: 6, SEQ ID 
NO:8, SEQ ID NO:30 and SEQ ID NO:34; (b) an ^^^^^^ 
hybridizes with (a) under the following hybridization conditions: 0.1X SSC, 0.1 /o SDS 
L0 at 65 °C; and (c) an isolated nucleic acid molecule that is completely complementary to 

^ " ( The invention further provides primers and probes useful for the identification of 
new dechlorinating bacteria selected from the group consisting of: SEQ ID NOs:9-29 
and SEQ ID Nos:35-60, and any sequences that hybridize under conditions of 0.1X 
1 5 SSC 0 1% SDS at 65 °C to those primers and probes. 

' The invention additionally provides an isolated bacterial strain comprising any 

one of the sequences of the instant invention as set forth in SEQ ID NO: 1, SEQ ID 
^2^QIDNO:3,SEQIDNO:4,SEQIDNO:5,SEQIDNO:6SEQIDNO:8,SEQ 

ID NOs:9-29, SEQ ID NO:30, SEQ ID NO:34, and SEQ ID NOs:35-60 wherein sauI 
20 strain has the ability to dechlorinate chlorinated compounds. 

The invention further provides a method for identifying a dechlorinating 
bacterial strain comprising: (i) extracting genomic DNA from a cell suspected of being 
able to dechlorinate chlorinated compounds; (ii) probing the extracted genomic DNA 
with a probe derived from any one of the sequences instant invention as set forth m SEQ 
ID NO l SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 
SEQ ID NO-8, SEQ ID NOs:9-29, SEQ ID NO:30, SEQ ID NO:34, and SEQ ID 
NOs-35-60 under suitable hybridization conditions, wherein the identification of a 
hybridizable nucleic acid fragment confirms the presence of a bacteria capable of 
dechlorinating chlorinated compounds. 

Similarly the invention provides a method for identifying a dechlorinating 
bacterial strain comprising (i) extracting genomic DNA from a cell suspected of being 
able to dechlorinate chlorinated compounds; and (ii) amplifying the extracted genomic 
DNA with an oligonucleotide primer corresponding to a portion of any one , of the 
sequences instant invention as set forth in SEQ ID NO:l, SEQ ^NO^SEQ > D NO:3, 
35 SEQ ID NO-4, SEQ ID NO:5, SEQ ID NO:6 SEQ ID NO:8, SEQ ID NOs:9-29, SEQ 

ID NO-30 SEQ ID NO:34, and SEQ ID NOs:35-60 such that amplification products are 
generated wherein the presence of amplification products confirms the presence of a 
dechlorinating bacterial strain. 
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The invention additionally provides a method for .he dechlorination of 
chlorinated compounds comprising contacting a chiorinated compo^dw. th ^an .sorted 
bacterial strain comprising any one of the DNA fragments setforthm 
SEO ID NO-2 SEQ ID N0:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO.6 SEQ ID 
Na8 SEQ ID NOs:9-29, SEQ ID NO:30, SEQ ID NO : 34, and SEQ ID NOS-.35-60 
under conditions suitable for dechlorination to occur. 

RKIEF DES^PTPTTON OF THE 
P p a WTNr,S AND SENTENCE LISTING 
Figure 1 is an alignment of 16S rDNA sequence profile from Dehalococcoides 
ethenogenes DHE-195 as disclosed in Maymo-Gatell et al., Science, 176:1568 (1997), 
as compared with profiles generated for organisms isolated from a number of 
wastewater treatment sites. 

Figure 2 is a comparison of the instant dechlorinating 16S rDNA profiles wrth a 

1 6S rDNA profile from E. col i. 

Figure 3 is a graph illustrating the ability of a soil microcosm or culture 
developed from certain soils taken from a chloroethene contaminated site to 
dechlorinatetrichloroethyleneorperchloroethylene. 

Figure 4 is an image of an electrophoresis gel used to detect PCR products in a 
test of soils contaminated with chloroethenes using two sets of the primers described 

herem ' The following sequence descriptions and sequences listings attached hereto 
comply with the rules governing nucleotide and/or amino acid sequence disclosures m 
patent applications as set forth in 37 C.F.R. §1.821-1.825. The Sequence Descriptions 
contain the one letter code for nucleotide sequence characters and the three letter codes 
for amino acids as defined in conformity with the IUP AC-IYUB standards described m 
Nucleic Acids Research 75:3021-3030 (1985) and in the Biochemical Journal 219 
(No 2)-345-373 (1984) which are herein incorporated by reference. The symbols and 
format used for nucleotide and amino acid sequence data comply with the rules set forth 

in 37 C.F.R. §1.822. 

SEQIDNO:l is a unique region of the Dehalococcoides ethenogenes 16S rDNA 

profile that is linked to dechlorinating activity. 

SEQ ID NO:2 is the 16S rDNA profile of Dehalococcoides ethenogenes 
DHE-PL isolated from soil surrounding in industrial site. 

SEQ ID NO:3 is the 16S rDNA profile of Dehalococcoides ethenogenes 
DHE-STF isolated from soil surrounding in industrial site. 

SEQ ID NO:4 is the 16S rDNA profile of Dehalococcoides ethenogenes 
DHE-DAB, isolated from soil surrounding in industrial site. 



SEQ ID NO:5 is the 16S rDNA profile of Dehalococcoides ethenogenes 
DHE-PIN isolated from soil surrounding in industrial site. 

SEQ ID NO:6 is the 16S rDNA profile of Dehalococcoides ethenogenes 
DHE-DLL isolated from soil surrounding in industrial site. 
5 SEQ ID NO-7 is the 16S rDNA profile of Dehalococcoides ethenogenes 

DHE-195 as reported in Maymo-Gatell et al. (Science, 176:1568 (1997)), Genbank 
AF004928. 

SEQ ID NO:8 is the consensus sequence derived from DHE-PL, DHE-STF, 
DHE-DAB DHE-PIN, and DHE-DLL at bases El 80-E226. 
10 SEQ ID NO.9-29 are primers derived from the 16S rDNA profile, useful in the 

identification of dechlorinating bacteria. 

SEQ ID NO:30 is the consensus sequence derived from DHE-PL, DHE-STF, 
DHE-DAB, DHE-PIN, and DHE-DLL at bases E1001-E1047. 

SEQ ID NO:31 is the base sequence in the region of the consensus 16S rDNA 
1 5 profile from where the diagnostic sequence is derived. 

SEQ ID NO:32 is the base sequence in the region of the DHE-195 16S rDNA 
profile from where the diagnostic sequence is derived. 

SEQ ID NO:33 is the E. coli reference 16S rDNA sequence. 
SEQ ID NO:34 is a unique region of the Dehalococcoides ethenogenes 16S 
20 rDNA profile that is linked to dechlorinating activity. 

SEQ ID NO:'s 35-60 are probes designed from unique regions of the 
Dehalococcoides ethenogenes 16S rDNA profile that are linked to dechlorinating 
activity. 

nPTATT .FD DESCF JPTTON OF THE INVEN TION 
25 The present invention provides unique 16S rDNA sequence profiles derived 

from Dehalococcoides ethenogenes (DHE). D. ethenogenes is known for its ability to 
degrade persistent chlorinated pollutants. The instant sequence profiles may be used to 
identify and sub-type bacteria with similar metabolic pathways. One sequence (SEQ ID 
NO - 1) beginning at base El 146, has been identified in all DHE's isolated from 
30 contaminated soils and is strongly linked to the ability of these organisms to degrade 

chlorinated organics. Similarly, a longer sequence has been identified (SEQ ID NO:34), 
beginning at base El 1 12 and extending to base El 175, which contains SEQ ID NO:l, 
but is itself unique is diagnostic for the ability of these organisms to degrade chlorinated 
organics. Additionally, a stretch of nucleic acids ranging between E180 and E226, 
35 corresponding to SEQ ID NO:8 may be used to identify dechlorinators as well as for 

genetic sub-typing of species. 

In this disclosure, a number of terms and abbreviations are used. The following 

definitions are provided. 
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The term "Dehalococcoides ethenogenes" will be abbreviated "DHE". 
The term "DHE-195'Vvill refer to the strains of Dehalococcoides ethenogenes 
isolated and characterized^ Maymo-Gatell et al. {Science, 176:1568 (1997)). 

The terms "DHE-PL, DHE-STF, DHE-DAB, DHE-DLL and DHE-PIN" will 
5 refer to strains of Dehalococcoides sp. containing the instant dechlorinating 1 6S rDNA 
profile. 

The term "dechlorinating bacteria" refers to any bacterial species or strain that 
has the ability to remove at least one chlorine atom from a chlorinated organic 
compound. Dechlorinating bacteria may have the ability to grow on chlorinated 
1 0 organics as a sole carbon source, or may prefer degradation using an alternate energy 



source. 



The term "chlorinated compounds" will mean any straight chain or ring 
containing organic compound which contains at least one chlorine atom. 
Trichloroethylene will be abbreviated "TCE". 
1 5 Perchloroethylene will be abbreviated "PCE". 

The term "16S rDNA" will refer to the DNA encoding ribosomal RNA found 

within bacterial cells. 

The term "16S rDNA profile" will refer to the specific DNA sequence of the 
rDNA gene in any particular organism. For the purposes of the present invention the 
20 16S rDNA profiles for DHE-195, DHE-PL, DHE-STF, DHE-DAB, DHE-DLL and 
DHE-PIN are illustrated in Figures 1 and 2. 

The term "signatyfe sequence" or signature sequence region" will refer to those 
short sequences in the Js gene or rRNA molecule which are unique to a certain group 
or groups of organism/ These sequences can be used to define domains, group, 
25 subdivisions generator species of an organism. 

The term "consensus sequence" as used herein, as it relates to the alignment of a 
given set of sequences, will be defined as the sequence of the set of bases where a 
designated base is the one that occurs most often at each position in the 16S sequence. 
The term "reference sequence" as used herein, as it relates to the alignment of a 
30 given set of sequences, will be defined as the particular 1 6S sequence to which the bases 
at each position of an alignment of 16S sequences are compared. The reference 
sequence used herein was an E. coli 16S rDNA sequence. Bases identified in the 
reference sequence that correlate to corresponding bases in a 16S rDNA profiled are 
assigned an "E number". Thus, the base labeled E-27 on the reference sequence 
35 corresponds to base 1 of the 16S rDNA profile of DHE-195 and E-107 corresponds to 
base 66 of DHE-195. The complete correlation is given in Table 2. 

The term "dechlorinating 16S rDNA profile" will refer to a 16S rDNA profile 
containing the diagnostic sequence as set forth in SEQ ID NO:l . 
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The term "diagnostic sequence" will refer to the sequences as set forth in SEQ 
ID NO-1 or SEQ ID NO:34 which are indicative of dechlorinating activity. 

The letters "A" "G" "T" "C" when referred to in the context of nucleic acids 
will mean the purine bases Adenine (C5H5N5), Guanine (C5H5NSO) and the 
5 pyrimidine bases Thymine (C5H6N202) and Cytosine (C4H5N30) respectively. 

"Gene" refers to a nucleic acid fragment that expresses a specific protein, including 
regulatory sequences preceding (5' non-coding sequences) and following (3' non-coding 

sequences) the coding sequence. . 
The term "nucleic acid fragment" will refer to a polymer of RNA or DNA tha, u 
,0 single- or double-stranded, optionally containing synthetic, non-natural or altered nuclide 
bases. A nucleic acid fragment in the form of a polymer of DNA may be compnsed of one 
or more segments of cDNA, genomic DNA or synthetic DNA. 

The term "oligonucleotide" refers to primers, probes, oligomer fragments to be 
detected, labeled-replication blocking probes, oligomer controls, and shall be genenc to 
1 5 polyribonucleotides (containing 2-deoxy-D-ribose), to polyribonucleotides 

(containing D-ribose) and to any polynucleotide which is an N glycoside of a purine or 
pyrimidine base (nucleotide), or modified purine or pyrimidine base. Also included in 
flre definition of "oligonucleotide" are nucleic acid analogs (e.g., peptide nucleic acids) 
and those that have been structurally modified (e.g., phosphorothioate linkages). There 
20 is no intended distinction between the length of a "nucleic acid", "polynucleotide or an 

"oligonucleotide". . 

The term "primer" refers to an oligonucleotide (synthetic or occurring naturally), 
which is capable of acting as a point of initiation of nucleic acid synthesis or replication 
along a complementary strand when placed under conditions in which synthests of a 
25 complementary stand is catalyzed by a polymerase. 

The term "probe" refers to an oligonucleotide (synthetic or occurring naturally), 
that is significantly complementary to a "fragment" and forms a duplexed structure by 
hybridization with at least one strand of the fragment. 

The term "replication inhibitor moiety" refers to any atom, molecule or chemical 
30 group that is attached to the 3' terminal hydroxyl group of an oligonucleotide that will 
block the initiation of chain extension for replication of a nucleic acid strand. Examples 
are (but not limited to) 3'-deoxynucleotides (e.g., cordycepin), dideoxynucleotides, 
phosphate, ligands (e.g., biotin, dinitrophenol), reporter molecules (e.g., fluorescein 
rhodamine), carbon chains (e.g., propanol), a mismatched nucleotide or polynucleot.de, 
35 or peptide nucleic acid units. 

The term "non-participatory" will refer to the lack of participation of a probe or 
primer in a reaction for the amplification of a nucleic acid molecule. Specifically a non- 
participatory probe or primer is one will not serve as a substrate for, or be extended by, a 
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a «nnn oarticipatory probe" is inherently incapable of being 

^ Wementary" is used ,o describe «he relationsmp between 
nu c,eot^bases*ata^ 

^ adenosine is complementary to thymine and cytosine is commentary to 

8Uanin A nucleic acid molecu.e is "hybridizable" to another nucleic acid molecuU, ^uch 
,T1NA eenomic DNA, or RNA, when a single stranded form of the nucleic acid 

molecule can arm Hybridization and washing conditions are 

oftemperature and solution lomcstrengm y md M aniatis, T. Molecular 

well known and exemplified in Sambrook, J., Fntsch, b. !• an p 
^^^ afcfia!!!tt M aaB! , Second Edition, Cold Spnng Harbor Laboratory Press, 
^-^^icu,ar.y Chapter 11 andTable U, *ere,n (entity 
incorporate herein by reference). The conditions of temperature and tome trength 
incorporat hybridization. For preliminary screenmg for 

I,low stringency hybridization conditions, correspondmg to a 
T „ 55° 1 be used e.g„ 5X SSC, 0.1% SDS, 0.25"/. milk, and no formanude; or 
rLl^Tx SSC, 8 0, % SOS. Moderate stringency hyb— co„d,„ns 
correspond to a higher Tm, e.g., 40% formamide, with 5X or 6X SSC 

Hybridi Jon requires that the two nucleic acids contain complementary 
secuencel although depending on the stringency of the hybridization, mismatches 
Zrba es are possL. The appropriate stringency for hybridizing nucleic acids 
d elds on the length of the nucleic acids and the degree of complementation, vanab.es 
2 kt™ in the I. The greater the degree of similarity or homology between two 

those sequences. The relative stability (corresponding to higher Tm) of nucleic acid 
S ri Stions decreases in the following order: RNA:RNA, DNA-.RNA DNA^A 
For hybrids of greater than 100 nucleotides in length, equations for calculating Tm have 
be n died (see Sambrook et al., supra, 9.50-9.51, hereby incorporated by reference, 
, ^ hybridizations with shorter nucieic acids, i.e., oligonucleotides, the position of 

10 nucleotide, Preferable a minimum lengtii for a hybndizable nucleic add is a. leas, 
5 IT 5 contiguous nucleotides; more preferabiy at least about 20 contiguous 

bolides; ana most preferab.y the length is at least 30 contiguou s ^c eoti^ Thu 
where a "probe" or "primer" is "derived from" or corresponds to a portion of 
acid fragment, the probe or primer or portion will preferably be at least about 
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i more nreferablv at least about 20 contiguous nucleotides; 

solution sal. concentration may be adjusted as necessary accordmg to factors 

orimer directed amplification include polymerase cham reactton (PCR), hgase cham 
eaXntcR) or Land displacement Amotion (SDA). If PCR methodology ,s 
selected me replication composition would include for example, nucleotide 
rtph sp^s, 1 primers with appropriate sequences, DNA or RNA polymerase and 
p " tlf llt se regents and details describing procedures for their use ,n amplifying 
nut^c acids are provided in U.S. Patent No. 4,683,202 (1987, Mulhs et ah) and US. 
Patent No 4,683,195 (1986, Mullis, et al.). If LCR methodology is selected, then the 
nucle c acid replication compositions would comprise, for example, a thermostable 

hgase e g T. U- "» ° f ^ <**»»*^ "7 

mel'er o each set is complementary to each of the targe, straps, Tns HC buffe, 
KC1 EDTA NAD, dithiothreitol and salmon sperm DNA. See, for example, Tabor 
etal Proa Acad. Set. U.S.A., 82, 1074-1078 (1985)). 

The term "sequence analysis software" refers to any computer algonthm or 
software program that is useful for the analysis of nucleotide or amino sequences. 
Cence analysis software" may he commercially available or mdependendy 
developed. Typical sequence analysis software will include bu, ts not hrm.ed to the 
suite optograms (Wiscons in Package Version 9.0, Genetics Computer Group 
, 5 JcG Madison, Wise), BLASTP, BLASTN, BLASTX (Altschul e, a,., XMoi B,oi 
2°5-403-410 (1990), and DNASTAR (DNASTAR, Inc., 1228 S. Park St Madtson, Wl 
5 , 5 USA) Within the context of mis application it will be understood mat where 
equence analysis software is used for analysis, that the results of the analysts wtll be 
ballon the "default values" of the program referenced, unless otherw.se 
30 unrein "default vales" wil, mean any set of values or parameters wmch ongmally 
\™<\ with the software when first initialized. 

Ward recombinant DNA and molecular cloning techniques used here are well 
known in the art and are described by Sambrook, J., Fritsch, E. F. and Mantatrs, T, 

"t Bennan, M. L. and Enquist, L. W., Em^^^, Cold 
S Sarbo moratory Cold Press Spring Harbor, NY (1984); and by Ausubel, F. M. 
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et 3!., r ntr- .^^-.'ar Biology, published by Greene Publishing Assoc. 

and Wiley-Interscience (1987). u „ 

lie present invention rentes to unique 16S rDNA sequences wtach have been 
isolated from the bacteria very similar if not related to Dehalococcoides e lh eno g e n es, 
which are associated with the ability of this bacteria to dechlorinate chlonnated organrc 
compounds. The sequences were isolated from bacteria found in soil samples of vanous 
industrial sites that have been shown to contain bacteria that have the abthty to 
dechlorinate chlorinated compounds. The sequences are useful for the rdentificatton 
new dechlorinating bacteria, as well as for sub-typing strains of Dehalococco.des 

D ethenoeenes. , „ , 

Dechlorinating bacteria were isolated from the aquifer soil taken from around 
industrial sites by means well known in the art. Samples were maintained under 
anaerobic conditions and cultured in a suitable medium for the growth of anaerobic soil 
bacteria. Such culture procedures and media are common and well known in the art and 

5 ^ An .1 in T T il nf Bacteriology (Phfflipp Gerhardt, R. O. 

E. Murray, Ralph N. Costilow, Eugene W. Nester, Willis A. Wood Noel R^Kneg and 
G Briggs Phillips, eds), American Society for Microbiology, Washington, DC. (1994)) 
or by Thomas D. Brock in Bioterhnolop y: A Textbook of Industrial Microbiology , 
Second Edition, Sinauer Associates, Inc., Sunderland, MA (1989). 
20 In order to enrich the cultured soil samples for dechlorinating bacteria, the 

samples were contacted with a low level of chlorinated organic compound. A number 
of chlorinated compounds are suitable for this purpose, including, but not limited to 
carbontetrachloride, tetrachloroethene, chloroform, dichloromethane, trichloroethene, 
dichloroethylene, vinyl chloride, and chloroaromatics, where chlorinated ethenes are 
25 preferred and TCE and PCE are preferred. Incubation proceeded for about six months, 
and cultures were analyzed periodically for the disappearance of the chlorinated organic 
and the appearance of degradation products. Cultures demonstrating the ability to 
degrade chlorinated organics, were selected for further analysis. 

Bacteria from dechlorinating cultures were removed by standard methods and 
total chromosomal DNA was isolated from the microorganisms through a bead mill 
homogenization procedure. A fragment of the 16S rRNA gene was amplified from the 
genomic DNA extract by PCR using 16S rDNA primers specific for dechlorinating 
microbes The 16S rDNA PCR product was cloned and sequenced to confirm its 
identity (M. I. More et al. 1994. Appl Environ. Microbiol, 60, 1572-1580). Each raw 
16S sequences obtained were assembled into a contig, and a consensus was manually 
constructed using Seqman II in DNAstar (DNAstar, Inc., Madison, WI). For each test 
sequence, a Pearson and Lipman similarity search was performed using the FASTA 
program in GCG (Wisconsin Package Version 9.0, Genetics Computer Group, Madison, 
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WI) The nearest organism in similarity in 16S rRNA sequence to the test sequence was 
used as the nearest match for identification. Those 16S DNA gene sequences that were 
identified to be similar to the dechlorinating bacteria, Dehalococcoides ethenogenes 
DHE-195 (GenBank Accession No. AF004928), were aligned with selected 16s rRNA 
5 sequences extracted from the Ribosomal Database Project (Michigan State University) 
that were a representation of the major microorganism domains, Bacteria and Archeae in 
the Universal Phylogenetic Tree of Life. The sequences were aligned using MegAlign 
in DNAstar, using the default software parameters. From this alignment probable 
region for signature sequences were mapped. Then sequences from each region were 
0 tested against the Ribosomal Database (RDB) for unique sequences that could be 
signature sequences and utilized as PCR primes or detection probes. 

Within the 16S rDNA profile defined by the comparison of the isolated 
dechlorinators, (see Figures 1 and 2) four signature regions showed considerable 
variation from the known sequences. Those regions were defined as extending from 
5 El 146 to El 156 (SEQ ID NO:l),from E180 to E227 (SEQ ID NO:8), and to E1001 
to E1047 (SEQ ID NO:30). A fourth sequence, SEQ ID NO:34, which contains SEQ ID 
NO:l is also unique and may be used to definitely identify these organisms. All of the 
dechlorinating isolates of the present invention contained the sequence as set forth in 
SEQ ID NO:l or SEQ ID NO:34 which are conspicuously absent from the sequence 
20 known in the art (Maymo-Gatell et al. {Science, 176:1568 (1997)). SEQ ID NO:34 
extends from El 1 12 to El 175 and contains SEQ ID NO:l as shown by the double 
unlined portion below. 
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E1114 E1118 E1168 

I I ' 

^ f>r: ^n.i.r ! TT/=rTar;TTa AATTTTCTAGCG Ar;AC:TGCCCCGCGAAACGG (SEQ ID NO: 34 



0 ) Although a region similar J hat defined by SEQ ID NO:8 is found in the 
-^literature sequence, there are sig^f-icant variations at positions, El 84, El 90, El 97, 
30 E200, E207, E216, and E221 aS shown below. 

E184 E190 E198 E208 E217 E222 

II | / 1 I I' 

TGTGRTGGGCY GACATAW^TY GGTTCAYTAA AGCCGYAAGGYGC TTG (SEQ ID NO: 8) 

35 / ... 

With in the <Zbntext the present invention Applicants have discovered that within 

the signature region defined by SEQ ID NO:8 above, the R at position El 84 may be 
A/G, the Y at tuition E190 may be C/T, the W at position E198 may be A/T, and the 
Y's at position E201, E208, E217, and E222 may be TIC. 
40 Similarly the region defined by SEQ ID NO:30 is also found in the literature but 

contains^significant variations at positions, E1003, E1012, E1020, E1039, and E1040 as 
showr/ oelow. 

11 



. E1003 E1012 E1020 E1039 

tgvIagtagtgaaJgaaaggg^cgacctgttaagtcaggabkttgcaca 

E1040 



(SEQ ID NO:30) 




As with SEQ ID N0:8, Applicants have discovered that within the signature 
region defined by SEQ ID NO:30 above, the W at position E1003 may be A/T, at 
10 position E1012 the M may be A/C, at position E1020 the R may be A/G, at position 
E1039 the R may be A/G and , at position E1040 the M may be A/C. 

Likewise, if the entire 16S&>NA profile is examined, it is seen that there are 
'significant single base different throughout the entire profile (Figures 1 and 2). These 
differences are illustrated nebular form in Table 2. Accordingly a 16S rDNA profile 
1 5 sequence, having the fo>towing bases substitutions taken independently or together will 
be diagnostic for deXmathag bacteria: E107=G, base E184=G, base E190=C, E 
198=T E201= T/E208=C, E217=T, E222=C, E264=C, E267=C, E291=T, E333= C, 
E420=C E44^T, E631=A, E829=A, E933=T, E934=T, E980=C, E1003=T, E1012-T, 
E1020=GyC1039=A, E1040=C, E1087=T, E1114=C, E1284=T, E1364=T and 

20 El 427^ 

Assa y Methods 

The instant sequences may be used in a variety of formats for the detection of 
dechlorinating bacteria. The two most convenient formats will rely on methods of 
nucleic acid hybridization or primer directed amplification methods such as PCR. 
25 Nucleic Acid Hybridiz ation Methods 

The basic components of a nucleic acid hybridization test include a probe, a 
sample suspected of containing a dechlorinating bacteria and a specific hybridization 
method As noted above, probes of the present invention are single strand nucleic acid 
sequence which is complementary to the nucleic acid sequences to be detected. Probes 
30 are "hybridizable" to the nucleic acid sequence to be detected. The probe length can 

yary from 5 bases to tens of thousands of bases, and will depend upon the specific test to 
be done. Only part of the probe molecule need be complementary to the nucleic acid 
sequence to be detected. In addition, the complementarity between the probe and the 
target sequence need not be perfect. Hybridization does occur between imperfectly 
35 complementary molecules with the result that a certain fraction of the bases in the 

hybridized region are not paired with the proper complementary base. A probe may be 
composed of either RNA or DNA. The form of the nucleic acid probe may be a marked 
single strand molecule of just one polarity or marked single strand molecule having both 
polarities present. The form of the probe, like its length, will be determined by the type 
40 of hybridization test to be done . 
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The sample may or may no, contain the organism of interest. The sample may 
take a variety of forms, including liquid such as water, or solid such as dust, or so.l. 
The sample nucleic acid must be made available to contact the probe before any 
hybridization of probe and targe, molectue can occur. Thus Ore orgamsm's RNA must 
J free from the cell and placed under the proper conditions before hybrtdtzatton can 
occur. Methods of in solution hybridization necessitate the purification ln 
order to be able to obtain hybridization of the sample rRNA with the probe. Thrs has 
meant that to utilize the in solution method for detecting target sequences m a sample, 
the nucleic acids of the sample must first be purified to eliminate protein, hp.ds, and 
other cell components, and then contacted with the probe under hybridizafon 
conditions. Method for the purification of the sample nucleic acid are common and well 

known in the art (Maniatis, supra). 

Similarly hybridization methods are well defined. Typically the probe and 
sample must be mixed under conditions which will permit nucleic acid hybridrzatton. 
This involves contacting the probe and sample in the presence of an inorgamc or organ* 
salt under the proper concentration and temperature conditions. The probe and sample 
nucleic acids must be in contact for a long enough time that any poss.ble hybnd.zation 
between the probe and sample nucleic acid may occur. The concentration of probe or 
target in the mixture will determine the time necessary for hybridization to occur. The 
higher the probe or target concentration the shorter the hybridization incubation tune 

" eeded In one embodiment, hybridization assays may be conducted directly on bacterial 
lysa.es without the need to extract the nucleic acids. This eliminates several steps from 
the sample-handling process and speeds up the assay. To perform such assays on crude 
cell lysates, a chaotropic agent is typically added to the cell lysates prepared as 
described above. The chaotropic agent stabilizes nucleic acids by inhibitmg nuclease 
activity Furthermore, the chaotropic agent allows sensitive and stringent hybnd.zat.on 
of short oligonucleotide probes to RNA at room temperature [Van Ness and Chen 
(1991)M-cZ AcidsRes. 19:5143-5151]. Suitable chaotropic agents include guamdmram 
, chloride, guanidinium thiocyanate, sodium thiocyanate, lithium .etrachloroacetate, 
sodium perchlorate, rubidium tetrachloroacetate, potassium iodide, and ces.um 
trifluoroacetate, among others. Typically, the chaotropic agent will be present at a final 
concentration of about 3M. If desired, one can add formamide to the hybnd.za.,on 

mixture, typically 30-50% (v/v). ...... . 

S Alternatively, one can purify the rRNA prior to probe hybnd.za..on. A vanety 

of methods are known to one of skill in the art (e.g., phenol-chloroform extraction, 
IsoQuick extraction (MicroProbe Corp., Bothell, WA), and others). Pre-hybridization 
purification is particularly useful for standard filter hybridization assays. Furthermore, 
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purification facilitates measures to increase the assay sensitivity by incorporatmg 
in vivo RNA amplification methods such as self-sustained sequence rephcat.cn (see for 
examp.e Fahy e, al. (1991) in Prp Methods and A pplications , Cold 1 Spnnj ; Harbor 
Laboratory Press, pp. 25-33) or reverse transcript PGR (Kawasakr (1990) m E£E 
t w^oU- A Ouide -id Annlications. M. A. Innis et al., eds., pp. 21-27). 

One can obtain amplified rRNA by using in vitro RNA amplification techmques as 
described in Fahy e. al., supra, Kawasaki, supra. The exact procedure used .s not 
crucial, provided that it does not amplify significant amounts of DNA, wmch would 

tend to obscure results. 

Once the pre-rRNA is released from the cells, it can be detected by any of a 
variety of methods. The method of rRNA detection is not crucial to the invention. 
However the most useful embodiments have at least some of characteristics of speed, 
convenience, sensitivity, and specificity. Direct DNA probe analysis is suitable, as is an 
in vitro RNA amplification method, such as 3SR, that employs labeled primers. 

Various hybridization solutions can be employed. Typically, these comprise 
from about 20 to 60% volume, preferably 30%, of a polar organic solvent. A common 
hybridization solution employs about 30-50% v/v formamide, about 0.15 to 1M sodium 
chloride about 0.05 to 0.1M buffers, such as sodium citrate, Tris-HCl, PIPES or HEPES 
( P H range about 6-9), about 0.05 to 0.2% detergent, such as sodium dodecylsulfate, or 
between 0 5-20 mM EDTA, FICOLL (Pharmacia Inc.) (about 300-500 kilodaltons), 
polyvinylpyrrolidone (about 250-500 kdal), and serum albumin. Also included in the 
typical hybridization solution will be unlabeled carrier nucleic acids from about 0.1 to 
5 mg/mL fragmented nucleic DNA, e.g., calf thymus or salmon sperm DNA, or yeast 
RNA and optionally from about 0.5 to 2% wt./vol. glycine. Other additives may also 
be included, such as volume exclusion agents which include a variety of polar water- 
soluble or swellable agents, such as polyethylene glycol, anionic polymers such as 
polyacrylate or polymethylacrylate, and anionic saccharide polymers, such as dextran 

sulfate. . , 

Nucleic acid hybridization is adaptable to a variety of assay formats. One of the 

most suitable is the sandwich assay format. The sandwich assay is particularly 

adaptable to hybridization under non-denaturing conditions. A primary component of a 

sandwich-type assay is a solid support. The solid support has adsorbed to it or 

covalently coupled to it immobilized nucleic acid probe that is unlabeled and 

complementary to one portion of the rRNA sequence. Preferred are those probes that 

hybridize to regions of the rRNA that have minimal secondary and tertiary interactions. 

The advantage of such probes is that the hybridization can be carried out without the 

additional step of heat denaturing the sample nucleic acid. For example, the 
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hybridization can be carried out at room temperature. Probes particularly useful in the 
present invention are those listed in Table 1, (SEQ ID NOs:35-60). 

The sandwich assay may be encompassed in an assay kit. This kit would include 
a first component for the collection of samples from soil such as vials for containment, 
and buffers for the disbursement and lysis of the sample. A second component would 
include media in either dry or liquid form for the hybridization of target and probe 
polynucleotides, as well as for the removal of undesirable and nonduplexed forms by 
washing A third component includes a solid support (dipstick) upon which is fixed or 
to which is conjugated unlabeled nucleic acid probe(s) that is(are) complementary to a 
part of the precursor rRNA of the species of bacteria being tested. In the case of 
multiple target analysis more than one capture probe, each specific for its own rRNA, 
will be applied to different discrete regions of the dipstick. A fourth component would 
contain labeled probe that is complementary to a second and different region of the 
same rRNA strand to which the immobilized, unlabeled nucleic acid probe of the third 

component is hybridized. 

In another embodiment, the instant 16S rDNA sequence may be used as a 3 
blocked detection probe in either a homogeneous or heterogeneous assay format. For 
example a probe generated from the instant sequences may be 3' blocked or non- 
participatory and will not be extended by, or participate in, a nucleic acid amplification 
reaction. Additionally, the probe incorporates a label that can serve as a reactive ligand 
that acts as a point of attachment for the immobilization of the probe/analyte hybrid or 
as a reporter to produce detectable signal. Accordingly, genomic or cDNA isolated 
from the test organism is amplified by standard primer-directed amplification protocols 
in the presence of an excess of the 16S rDNA 3' blocked detection probe to produce 
amplification products. Because the probe is 3' blocked, it does not participate or 
■ interfere with the amplification of the target. After the final amplification cycle, the 
detection probe anneals to the relevant portion of the amplified DNA and the annealed 
complex is then captured on a support through the reactive ligand. 

The probe may be several hundred bases in length where 25-65 base is preferred. 
The instant probe is versatile and may be designed in several alternate forms. The 3' 
end of the probe is blocked from participating in a primer extension reaction by the 
attachment of a replication inhibiting moiety. Typical replication inhibitors moieties 
will include but are not limited to, dideoxynuleotides, 3-deoxynucleotide, a sequence of 
mismatched nucleosides or nucleotides, 3' phosphate groups and chemical agents. 
Within the context of the present invention cordycepin (3' deoxyadenosine) is preferred. 

The replication inhibitor is covalently attached to the 3' hydroxy group of the 3' 
terminal nucleotide of the non-participatory probe during chemical synthesis, using 
standard cyanoethyl phosphoramidite chemistry. This process uses solid phase 
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synthesis chemistry in which the 3' end is covalently attached to an insoluble support 
(controlled pore glass -CPG) while the newly synthesized chain grows on the 
5- terminus Within the context of the present invention, 3-deoxyribonucleotides are the 
preferred replication inhibitors. Cordycepin, 3 -deoxy adenosine, is most preferred. 
Since the cordycepin will be attached to the 3' terminal end of the probe, the synthesis is 
initiated from a cordycepin covalently attached to CPG, 5-dimethoxytntyl- 
N-benzoyl-3-deoxyadenosine (cordycepin), 2-succinoyl-long chain alkylamino-CPG 
(Glen Research, Sterling, VA). The dimethoxytrityl group is removed and the initiation 
of the chain synthesis starts at the deprotected 5' hydroxyl group of the solid phase 
cordycepin After the synthesis is complete, the oligonucleotide probe is cleaved off the 
solid support leaving a free T hydroxyl group on the 3 '-terminally attached cordycepin. 
Other reagents can also be attached to the 3' terminus during the synthesis of the 
non-participatory probe to serve as replication inhibitors. These include, but are not 
limited to, other 3-deoxyribonucleotides, biotin, dinitrophenol, fluorescein, and 
5 digoxigenin, which are also derivatized on CPG supports (Glen Research, Sterling, VA; 
Clonetech Laboratories, Palo Alto, CA). 

It is understood that the probe may be RNA or DNA or a synthetic nucleic acid, 
however, it will contain some sequence sufficiently complementary to the nucleic acid 
from the Dehalococcoides ethenogenes-Kke organisms to be detected that will permit 
0 hybridization between the detection probe and the subject DNA. 

PGR Assay Methods 

In an alternate embodiment the present sequences may be used as primers or to 
generate primers that may be used in primer directed nucleic acid amplification to detect 
the presence of dechlorinating bacteria. A variety of primer directed nucleic acid 
•5 amplification methods are known in the art including thermal cycling methods such as 
polymerase chain reaction (PCR) and ligase chain reaction (LCR) as well as isothermal 
methods and strand displacement amplification (SDA). The preferred method is PCR. 
Typically in PCR-ty P e amplification techniques, the primers have different sequences 
and are not complementary to each other. Depending on the desired test conditions, the 
30 sequences of the primers should be designed to provide for both efficient and faithful 
replication of the target nucleic acid. Methods of PCR primer design are common and 
well known in the art. (Thein and Wallace, "The use of oligonucleotide as specific 
hybridization probes in the Diagnosis of Genetic Disorders", in Human Genetic 
Diseases: A Practical Approach, K. E. Davis Ed., (1986) pp. 33-50 IRL Press, Herndon, 
35 Virginia)- Rychlik, W. (1993) In White, B. A. (ed.), Methods in Molecular Biology , 
Vol.l5,pages31-39,PCRProtocols: Current Methods and Applications. Humania 
Press, Inc., Totowa, NJ.) 
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If a nucleic acid target is to be exponentially amplified, then two pnmers are 
used each having regions complementary to only one of the stands in the target. After 
heat denaturation, the single-stranded target fragments bind to the respective pnmers 
which are present in excess. Both primers contain asymmetric restricts enzyme 
recognition sequences located 5' to the target binding sequences. Each primer-target 
complex cycles through nicking and polymerization/displacement steps in the presence 
of a restriction enzyme, a DNA polymerase and the three dNTP's and one dNTP[aS] as 
discussed above. An in depth discussion of SDA methodology is given by Walker et 
al Proc. Natl. Acad. Sci. U.S.A., 89, 392, (1992). 

Alternatively, asymmetric amplification can be used to generate the strand 
complementary to the detection probe. Asymmetric PCR conditions for producing 
single-stranded DNA would include similar conditions for PCR as described however, 
the primer concentrations are changed with 50 pmol of the excess primer and 1 pmol of 
the limiting primer. It is contemplated that this procedure would increase the sensitivity 
of the method. This improvement in sensitivity would occur by increasing the number 
of available single strands for binding with the detection probe. 

Within the context of the present invention primers will be designed to 
conserved regions of the 16S rDNA profile which are associated with dechlorination. 
The most significant of those regions are the sequences set forth in SEQ ID NO:l, SEQ 
ID NO:8, SEQ ID NO:30, and SEQ ID NO:34. 

Following amplification and prior to sequencing, the amplified nucleotide 
sequence may be ligated to a suitable vector followed by transformation of a suitable 
host organism with said vector. One thereby ensures a more readily available supply of 
the amplified sequence. Alternatively, following amplification, the amplified sequence 
or a portion thereof may be chemically synthesized for use as a nucleotide probe. In 
either situation the DNA sequence of the variable region is established using methods 
such as the dideoxy method (Sanger, F. et al. Proc. Natl. Acad. Sci (1977) 74, 
5463-5467). The sequence obtained is used to guide the choice of the probe for the 
organism and the most appropriate sequence(s) is/are selected. 

EXAMPLES 

The present invention is further defined in the following Examples. It should be 
understood that these Examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only. From the above discussion and these 
Examples one skilled in the art can ascertain the essential characteristics of this 
invention, and without departing from the spirit and scope thereof, can make various 
changes and modifications of the invention to adapt it to various usages and conditions. 
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flFNKR AL METHODS 

Standard recombinant DNA and molecular techniques used in the Examples are 
well known in the art. Techniques suitable for use in the following examples may be 
found in Sambrook, J., Fritsch, E. F. and Maniatis, T., Molecular Cloning: A 
5 T .Watorv Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY (1 989) (hereinafter "Maniatis"). 

Materials and methods suitable for the maintenance and growth of bacterial 
cultures are well known in the art. Techniques suitable for use in the following 
examples may be found as set out in Manual of Methods for General Bacteriology 
10 (Phillipp Gerhardt, R. G. E. Murray, Ralph N. Costilow, Eugene W. Nester, Willis A. 
Wood Noel R. Krieg and G. Briggs Phillips, eds), American Society for Microbiology, 
Washington, DC. (1994)) or by Thomas D. Brock in Bioterhno1o P V ; A Textbook of 
T„Hn^1 Microbiology, Second Edition, Sinauer Associates, Inc., Sunderland, MA 
(1989) All reagents, restriction enzymes and materials used for the growth and 
> 3 15 maintenance of bacterial cells were obtained from Aldrich Chemicals (Milwaukee, WI), 
;| DIFCO Laboratories (Detroit, MI), GIBCO/BRL (Gaithersburg, MD), or Sigma 

p Chemical Company (St. Louis, MO) unless otherwise specified. 

CO Manipulations of genetic sequences were accomplished using the suite of 

'2 programs available from the Genetics Computer Group Inc. (Wisconsin Package 

5 20 Version 9.0, Genetics Computer Group (GCG), Madison, WI), DNASTAR 

(DNASTAR Inc 1228 S. Park St. Madison, WI 53715 USA), or the "on-line" Probe 
S Match Program from the Ribosomal Database Project II (Michigan State University, 

* East Lansing, MI). Where any sequence analysis software was used in the following 

fi examples, default values were used unless otherwise specified. 

5 25 The meaning of abbreviations is as follows: "h" means hour(s), "min" means 

minute(s), "sec" means second(s), "d" means day(s), "mL" means milliliters, "L" means 
liters. 

EXAMPLE 1 

Tgnlstmn And Char ^teri ration Of P er.hlnrinating Soil Organisms 
Aquifer core samples were obtained by split spoon sampling at depths ranging 
from 10 to 80 ft, depending on the depth of the particular aquifer to be tested. The cores 
were taken in sterile stainless steel cylinders or placed in sterile glass vials. The core 
samples were immediately shipped to the laboratory at ambient temperatures and under 
anaerobic conditions. Upon arrival the samples were stored in an anaerobic glove bag 
35 (chamber) (Coy Laboratory Products Inc., Ann Arbor, MI), whose atmosphere was 10% 

H 2 , 5% C0 2 and 85% N 2 . 

The laboratory microcosms were prepared in 250 mL Wheaton bottles (Wheaton 
Co., Millville, NJ) within the anaerobic chamber. Duplicate microcosms were prepared 
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for the following conditions: Killed Control (live soil autoclaved for 1 hr on 

2 consecutive days), Live soil, and Live soil + 0.05% yeast exttact Each -mcrocosm 

contains 20% soil and 80% BTZ-3 media (NH 4 C1, 4.3 g/L; KH 2 P0 4 , 50 g/L, 

MgCl-6H 2 0, 20 g/L; CaCl r 2H 2 0, 1 gfl-i HEPES, 50 * mineral solufon, 

fo mL/L; resazurin 0.2%, 5 mL/L). The microcosm were filled to top such tee was 

Httle or no headspace, and then stoppered with Teflon™ lined disks and cnmp-sealed 

with aluminum seals (Wheaton Co., MiUville, NJ). The resazurin addttion permitted the 

visualization of low potential anaerobic conditions by a color change from pmk to 

colorless. Each microcosm was spiked with 5 ppm from a PCE or TCE so.utton 

saturated in water. The microcosms were incubated on their sides in the anaerobtc 

chamber, in the dark, at ambient room temperature (22°C) for up to 180 days. 

Samples were analyzed the next day as time zero and then twtce a week for 
the dechlorination of PCE or TCE and the formation of cisDCE, vinyl chlonde or 
methane. All samples were taken in the anaerobic chamber by using a synnge mounted 
with a 23 gauge needle was use to puncture the Teflon™ septa to obtain a 5 mL hqu,d 
sample that was injected into a 10 mL headspace vial. Samples were tested using HP 
Headspace sampler 7694, HP5890 series II GC (FID detector, HP 5 capillary column 
#19091J-215), HP3365 Chemstation version A.03.34. 

Figure 3 plots the concentration (parts per million; ppm) of chloroethenes mthe 
microcosm medium as a function of time (days) and illustrates the 
chloroethenes. Dechlorination of PCE to TCE could be detected by GC/FID Within 
two days with the formation of cisDCE from the dechlorination of TCE was detected. 
These results are found in the microcosms that has been amended with 0.05% yeast 
extract plus minimal salts media (BTZ-3 media). These results can also be seen in the 
microcosms that are amended with the minimal salts media alone. The difference is the 
dechlorination is slightly delayed. It takes four days before cisDCE is detected. 
Degradation of cisDCE would occur over the next two weeks. Vinyl chlonde and 
ethene could only be detected at trace levels. The "Killed" control, did not show 
degradation of PCE or TCE during the duration of the experiment. Cell growth was 
shown by increase in the turbidity of the microcosm medium and by rmcroscopic 



analysis. 

EXAMPLE 2 



r^rstinn of PCR v™or* and Probes for the Amplification 
nnf1 p^»n nf th« B,haloco rroides Ethenovenes 16S rRNA Profiled 
The detection and sequencing of the Dehalococcoides ethenogenes-hke 
organisms used the set of PCR primers are shown in Table 1 (SEQ ID NO:9-29). The 
PCR primers were designed using signature sequence regions. To determine the 
location of these signature sequence, the Dehalococcoides ethenogenes sequence 
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(GenBankNo.AF0049 2 8)rSEQlDNO:7]wa^ 

m Hi™ WT, or Pileup (Genetics ComputerXoup, Madison, WI) with 16S rRNA 

Je I ofkingdonrs of Bactena Jlrohae, The conserved, variable, and highly 
v^egions Lid be delineZby boxing off the consensus sequences Primer 
I^t fences were inZny picked from the variable and highly variable regions 
Z then their uniqueneZas determined by determining their potential as probes to a 
quenlZase sequences using the 'Wine" Probe Match Program from 

^TZ:~ SSL / inde,html)K D Pn,MichiganS,, U niversity 
^Lansing, Ml). This analysis returned an overview of the matches betweena probe 
and its potential targe, sequence, as a listing and as a phylogenet, °™ ^ 
program results showed the sequences that match the query sequence (if there are such 
sequences) and also showed sequences that had mismatches, deletions and insertions, 
1 S citing the number and positions of the aberrations. 

The sequences which were unique and passed this test as signature sequences 
were then designed as either a forward or reverse primer, usually dependent on their 
position in the sequence. The most unique sequence of the signature sequence 
»ity) was designed into the 3' end in either type of primer. The selected primers 

20 " "rim- were synthesized using standard P -cyanoethyl phosphorate 
coupling chemistry on controlled pore glass (CPG) supports on automated DNA 
oligonucleotide synthesizer (Applied Biosystems Mode, 392, Perkin-Elmer, Foster Cty, 

CA> The primers were tested after they were synthesized using PGR on samples taken 
from microcosms known to have DeMococcoides e,Wg^-like orgasms. The 
PGR products were sized on agarose electrophoresis and then cloned an sequenc *d» 
verify that the amplified sequences were DehalococcoUes e.henogenes-^ 16S rRNA 
sequences. 
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AMPLE 3 

tn p^t These. Orgar-™« ™ Microcosms 
Nucleic acids were extracted from the microcosm cultures by a bead mill 
Nucleic acids p as tDNA Spin Kit for Soil (Bio 101, Vista, CA), that was 
homogenization procedure, t astUM a apiniviu , f . 

desjed to isolate genomic DNA from all cell types. Approx.ma.ely 10 ml of the 
miTosm ulture was pelleted and .suspended in 500 ul of the culture med,. The 
"Id pelle, was added to a 2.2 mL conical screw-cap tube 
* Hifferen.lv sized glass and zirconia/silica beads (106 m.crons, 710-1 180 microns). 

Ld!d Thetubes were homogenized for 30 seconds at speed 5, on a Fast Prep bead 
Thomoeenizer A clear supernatant was obtained by centrifugmg the samples a. 
: 0 Tg IT 0 selnds. Tne supernatant was transferred to a clean mi—ge 
Z Id 250 ul of PPS reagent was added and mixed. The resulting prec.p^te was 
%Z through centrifugation at ,4,000 x g for 5 minutes. The supernatant ™, 
Isferred to a new microcentrifuge tube and 1 mL of binding matrrx was added. The 
tuples were placed onarotator for2mmu.es 

3 mL.cs to allow me settling of .he silica matrix. Between 500-700 ul of the 
upematan. was removed and discarded. The remaining supernatant was u ed to 
resuspend the silica matrix and transferred to a spin filter. The spur filter was 
TelC for 1 minute a. 14,000 x g and me flow-tough decan.ed. The s^ ™« « 
«hed wim 500 ul of SEWS-M buffer and centrifuged for 1 mmute a. 16,000 xg. 
Z flow hrough was discarded and any residual buffer in me matrix was removed by a 
« cen.rifirga.ion a. 14,000 x g. The spin filter was placed in a catch tube and an 
dldt flutes in a biological hood. The genomic DNA was elu.ed by addmg 60 u, 
™e, deionized wa.er, mixing .he matrix and the water together wim a p.pe. tip, and 

^^^S : "^f^L^o,^ ,^ 0ge ^ was detect by PCR 
^,ificafionandge,e,ec,ophoresis.The = 
i nehalococcoides ethenogenes specific 16S rDNA primers snown 

%ZZ. were performed using the GeneAmp PCR kit with Tao. DNA polymerase 
(PE Applied Biosystems, Branchburg, NT, in a PerUin Elmer 9600 thecal cy ler^ 
Amplification reactions contained 10 mM Tris-HCl (pH 8.3 , 50 mM KC, 1 .5 mM 
Mg Cl 2 10 uM each deoxynudeos.de triphosphate, 20 pmol each pnmer, 2 5 U of Taq 
5 Symirase and 1 uL of the genomic ex.rac.ion diluted 1,10 ina final reacuor .volume 
o 50 uL. The PCR conditions were as follows: 2 minu.es of de—n at 95 C 
followed by 30 cycles of 30 seconds a, 94 °C, 30 seconds a, 55 °C, 30 seconds at 72 C. 
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8 uL of the PCR product was visualized on a 2% agarose gel (SeaKem GTG, FMC 
BioProducts, Rockland, ME) stained with ethidium bromide. 

A direct detection protocol used 1 uL of the microcosm culture was dtrectly 
added to the PCR as described previously. 

After the NW»»»tt> «*«W»«»-U1» «n«" detec,ed m tte 
microcosm developed from contaminated soil, FP DHE 1 (SEQ ID NO:20), 
7dHE?330 (SEQ IDNO:12) were used to amplify a 1212 bp fragment, winch was 
cloned (using the PCR dAAT-Cloning System, Invitrogen, Inc., CA) and sequenced 
X Mode 377 DNA Sequencer kit and system, Applied Biosystems, P« 
Fo ter City, CA). The sequence was assembled using the Seqman II prog™, (DNAstar, 
,„c, Madison, WI). The 16S rDNA sequence contig formed was compared to 16S 
rDNA sequences obtained from microcosms developed from contammated sotls from 
other sites and the comparison is shown in Figure 4. 

Figure 4 shows a gel of amplification products generated from PCR 

amplification of various Dehalococcoides eaenoger.es isolated fromanumber of 
Ustrial sites contaminated with either PCE or TCE. All amplifications were earned 
out using primers SEQ IDNOs:17 paired with 19, and SEQIDNOs:18 paired^vith20. 
Lanes land 12 carry me molecular weigh, marker, Lanes 2 and 3 are the PCR 
products generated from organisms isolated from soil contatmng PCE. Lanes 4 5, 6, 7, 
8 and 9 are the PCR products from organisms isolated from soil contaming TCE. 
'Is 10 and 1 1 contain negative PCR controls. As can be seen by the data all samples 
were detectable by the primers used. 

The contiguous sequences from each site was unique, having 96 to 99 A 
similarity to each other. The differences in the sequence are annotated m Table 2. A 
major dffference exists in the consensus sequence that were obtained from aM suams 
(CS) detected at contaminated sites and the reference sequence represented by the 
published sequence from strain DHE-195 strain (Table 2). At DHE (CS) posmons 
1088-1096 (£. coli coordinates El 146-E1 156) there exists a mne base delehon. The 
sequence in CS strains reads ATTTTCTAGCGAGACTO (SEQ ID NC,31); m the 
, DHE-^ sL it reads ATTTTCTAGCGAGAST^C^gACTG (SEQ ID NO:32) 
(the double underlined sequence is the sequence deieted in the CS strain sequences. 
Differences in sequence were found at six other base positions as shown below m 
Table 2. 
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TABLE 2 
Grp DHE-P1 
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"DHENo " represents Consensus sequence number; 

Sequence number with < + ) represent las. base coordinate before a base a de,e„on; 
Bold bases are indicative of base sequences different from DHE 195; 
BCd bases and blocKsceUs (base and coordinate, imply sequence of «U MS sequences 
5 isolates that are different from DHE strain 195 

-Sig Grp" indicates which set of Signature Sequences Set a bases belongs to. 
■■KLetter)- Signature group; sequences in entire DHE group 16S rDNA sequence 
L different from the Cornell strain 195 at designated positions 

areditlerentrroni nHE (DID and DHE (Pnl/Dab) 

••2(Letter)" Signature group; sequences are unique to DHE (stf), DHfc (uu, 
10 at designated positions 

■3(Letter)- Signature group; sequences are unique to DHE (stf, and DHE (Dll) 

- a DHE m at designa,ed posi,ions 

■•StLetter)" Signature group; sequences are unique to DHE (stf) a, designated positions 
1 5 ^(Letter," Signature group; sequences are unique to DHE (Pnl/Dab) a. designated positions 

All sequences generated using species-specific prime, for Deha,ococcoUes 
e.henogenes were found to have identity with Dehalococcoides ethenogenes Stratn 195. 

CI from 985 10 "- 6% mi ^ defmed " ?n T hi 

edlnes-li.ee" sequences since the 16 S rDNA sequences did ^"^f^ ^ 
6S rDNA sequence of Strain 195. The PGR products produced by ^^fJ D ™ 
(SEQ ID NO;20) and RP DHE 1212 (SEQ ID NO;12) or FP DHE 1 SEC D NO; „ 
and RP DHE 1387 (SEQ ID NO:28) were the longer amphfied products (1212 or 1387 
T P in length, respectively). The differences between each sequence and mesequence of 
D ethenogenes • Strain 195 (GenBank AF004928), are shown m Table 2. The 
Deha ,ococcoiOe S e.henogenes-^ 16S rDNA sequences from any. ™~ ^ 
site were different than those Dehalococcoides ethenogenes-^, 16S rDNA sequences 

tained from microcosm samples from the other sites. PGR products, ^ we^en 
at different time points from the same microcosms, also yte.ded the same 16S rDNA 
seq uence. It appears tha, the a ethenogenes-^ 1 6S rDNA " ^ 
the specific site of origin. All four 16S rDNA sequences were found to be Afferent from 
Strain 195 sequence at seven sequence positions (designated by 1 A to IG signature 
positions, Table 2 in the Sig. column). There are three single base substuu^ » , ( 1 A. « 
and IE), one single-base deletion (1C) and two single-base msertions (ID and IF). All 
sequences also shared a nine base deletion located a, Strain 195 base number 1085 

(Tab ' e ^e DHE-P1 16S rDNA sequences were the closest to the 16S rDNA sequence 
of Strain 195 (99.6% identity). It has nine base changes (signature groups 1 and 4, 
Table 2); 6 base substitutions, one deletion (excluding the 9 base deletton error) and 2 
insertions). The DHE-Pin 16S rDNA sequence was the most distant from Steam 195 
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•A 94 base changes (98.5% identity, signature groups 1, 2, 6 in Table 2). The 
with 24 base changes ^ fDNA sequences 

2 are conserved (Table 2, Signature group* ^ 

fa the signature sequence definitions of these 16S rDNA ^ 
rDNA sequence in signature sequence 2 is identical ,„ Stratn .95. The 
rDNA sequence in signature sequence 2 is identicai to the sequence 

In signature sequence 6, the DHE-Pin 16S sequence rs afferent from the 
sequences oLl the other DeHabcoccoUes ******** 1« rDNA sequences 
facing that of Strain 195. Its sequence has base substitutions at base p— 942 
952 rc-VT) 961 (A^G), 982 (O-A) and 983 (T^C) (Tabic 2, 6 F to 6 K). 

DHE-Pin 16S rDNA sequence. 

FX AMPLE 4 

Usin^theD^^^ 

Prn^P to Detect nehnlncaccoides in a Test-Kit 
This Example demonstrates the detection of Dekalococcoides etHenogenes 
organisms inatest kit using the!6SrRNA gene sequences for test primers and probe 
reagents. 

, "^e following reagents and materials for assembly of Ore test kit were purchased 
commercially. Nitrocellulose membrane (5.0 urn porosity) was 
Schleicher & Schuell (Keene, NH 03431) as .5 cm « 5 ™^***» 
phosphatase NBT/BCIP substrate (0.12 mM) was purchased fin .Moss Inc 
CL,a, MD 2U23-0189), and Streptavidin fiom ZYMED Lab Inc^CA). 

,5 Anti-Digoxigenin Alkaline Phosphatase Conjugate Fab fragments (1093-274) and 
,5 AntiDigo g ^ 

pad #50970 from Schleicher & Schuell (Keene, NH 03431). 
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Proration of T~* Kit Reagents . . ^ 

" Lateral Flow buffer for the test kit was prepared contammg 10 mM Tns Base 
(pH8 0) (J T.Baker Inc., PhilHpsburg, NJ), 150 mM NaCl, 1 mM MgCl 2 , 0.1 mM 
ZnCU 0 5% bovine serum albumen, 0.1% Triton X100 in purified wate, 

Wash Buffer for the test kit was prepared containing 100 mM Tns Base 
(pH 9 5) (J T Baker Inc., Phillipsburg, NJ) 100 mM NaCl, 50 mM MgCl 2 , in purtfied 



water 



Detection probes and primers for the test kit were based on the Dehalococco.de 
sequences in Table 1 . The primers and probes were synthesized using standard 
cyanoethyl phosphoramidite chemistry on a Perkin Elmer Biosystems model 392. The 
probe labels (N) were substituted for nucleotides during synthesis usmg ™™ U ? 
Lbeled phosphoramidite reagents that possess 2 aminobutyi-U-propanedtol backbone 
or 1-(1 2 diaminoethane) 3-deoxyfructonic acid. . In the sequence, cordycepm 5 
triphosphate (3'deoxyadenosine) is indicated by, "dA» and biotin Label-ON 
Phosphoramidite® (Clontech, Palo Alto, CA) by "B". Specifically, the followmg 
primers and probes were used in detection: 




Dehalococcoides Ethenogenes Ta>get-specific Primers 
Forward Primer DHE 385: / (SEQIDNO:17) 
Reverse Primer DHE 807(84): (SEQ ID NO:18) 

Detection Probe (Biotin lab/led) dD-B DHE 555 B2: 

5'BGGCTTAACCGG^ACGTGTCATTCAATACBdA 3' 

25 A test strip capture reagent was prepared for the test kit assay by printing 

Streptavidin (0.1 uL of 5 mg/ml) either as a transverse line across a nitrocellulose 
membrane or as a alpha numeric letter (Schleicher & Schull, Keene, NH, >5 porosity). 
The Streptavidin was printed near the efferent end (capture zone) of the membrane. 
Prior to use, the printed membrane was then stored in desiccator at room temperature for 
30 3 days The test strip membrane was then supported horizontally in a plastic holder. An 
adsorbent pad 0.33 mm in thickness (VWR Scientific, #28303) was then placed on the 
test strip ca. 1 cm above the capture zone to adsorb and collect test fluids. 
Sample DNA Fvtraction and Detection 

DNA for detection in the test kit was prepared as follows. The nucleic acids 
35 were extracted from dechlorinating microcosm cultures by a bead mill homogenization 
procedure, FastDNA Spin Kit for Soil (Bio 101, Vista, CA), that was designed to isolate 
genomic DNA from all cell types. Approximately 10 mL of the microcosm culture was 
pelleted and resuspended in 500 ul of the culture media. The resuspended pellet was 
added to a 2.2 mi conical screw-cap tube containing 1.5 g of three differently sized 
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glass and zireonia/silica beads (106 microns, 710-1 180 microns). To the sample .tubes, 

Tedium Phosphate buffer and ,22 ulofMT buffer were added. Thetubeswere 
homogenized for 30 seconds at speed 5.5 on a Fast Prep bead mill homogemzer. A 
lar slpernatant was obtained by centreing the samples a, 14,000 xg for 0 seconds. 
The supernatant was transferred to a clean microcentrifuge tube and 250 ul of PPS 
reagent was added and mixed. The resulting precipitate was pelleted through 
centrifugation at 14,000 x g for 5 minutes. The supernatant was transferred to a new 
microcentrifuge tube and 1 mL of binding matrix was added. The samples were placed 
on a rotator for 2 minutes and then sat on the benchtop for 3 minutes to allow the 
settling of the silica matrix. Between 500-700 ul of the supernatant was removed and 
discarded. The remaining supernatant was used to suspend the silica matrix and 
transferred to a spin filter. The spin filter was centrifuged for 1 minuteatl 4000xg 
and the flow-through decanted. The silica matrix was washed wtth 500 ul of SEWS-M 
buffer and centrifuged for 1 minute a, 16,000 x g. The flowthrough was ^ed and 
any residual buffer in the matrix was removed by a 2 minute centrifugation at 14,000 x 
o The spin filter was placed in a catch tube and air dried for 5 minutes in a b,olo gl cal 
hood The genomic DNA was eluted by adding 60 ul of sterile, deionized water, mixmg 
the matrix and the water together with a pipette tip, and centrifuging for 1 mmute at 

14,000 x g. , 

Following extraction, the 16S rRNA gene for Dehalococcoides eihenogenes was 

amplified by PCR and the Dehalococcoides ethenogems specific DNA products 
detected in the test kit. In this process, the PCR amplifications were performed by usmg 
the GcneAmp PCR kit with Ajrajirjag® DNA polymerase (PE Applied Biosystems, 
Branchburg, NJ) in a Perkin Elmer 9600 thermal cycler. Amplification reactions 
contained 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 1 .5 mM MgCl^uM each 
deoxMlcl^tide triphosphate, 20 pmol each primer, 05 U of AmpHTaa® polymerase, 
20 pmoles detection probe, 1 nmole of Digfflo^snn-l 1-dUTP and 1 uL of the genomic 
extraction diluted 1:10 in afinal reaction volume of 50 uL. The PCR conditions were 
as follows: 2 minutes of denaturation at 95 °C, followed by 30 cycles of 30 seconds at 
94 °C 30 seconds at 55 °C, 30 seconds at 72 °C. 

' For detection of the Dehalococcoides 16S rRNA gene products, the PCR test 
reaction mixture (10 uL) was diluted with 70 uL of lateral flow buffer. The membrane 
holder was placed horizontally on a bench top. The diluted PCR products (70 p.L) were 
then applied to the sample end of the test strip and allowed to wick through the 
membrane reagent. This is accomplished in ca. 5 min. Diluted conjugate reagent 
(80 u.1) prepared as a 1 :25 fold dilution of the anti-digoxigenin alkaline phosphatase 
conjugate (Boehringer Mannheim Corp. (#1093-274) in lateral flow buffer, was then 
added to the sample end of the membrane and allowed to wick through the membrane 
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and equilibrate for 10 min. This was followed by addition of 80 uL of a .wash buffer to 
.he slple end of the membrane. After 10 min, 90 ,L of BCIP/NB alkalme 
phosphatase substrate reagent (Moss Inc., Pasadena, MD 21123-0189, product 
NBTM-1000) was added at the sample end and allowed to wick through the membrane. 
Test results were then read after 10 min. by visually inspecting the membrane DNA 
capture zone. The presence of 16S RNA gene products are evident by the format™ of 
blue color in the form of the Streptavidin capture reagent printed on the membrane (hue 
or alpha numeric test symbol). A visual color response exceeding background color of 
the membrane is indicative of the presence of the DeUococcoides orgamsms DNA m 
the test sample. 
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